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* T . J . Wagner and C.S. Penrod , “Another Look at the Edited Nearest
Neighbor Rule , ” IEEE Transactions on Sy stems,  Man , and Cybe~~~tiq~~
Vol. SMC-7 , No. 2 , February 1977 , pp. 92 -94 .
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* Y . C. Kim and E.J. Powers , “Effects of Frequency Averaging on Estimates
• of Plasma Wave Coherence Spectra ,” rEEE Transactions on Plasma Science,

• Vol. PS — 5 , No. 1, March 1977 , pp. 31-40.

G. J. Lipov ski - “ On Virtu al Memories and Micronetwork s , ” Proceedi ngs
of the 4th Annual Symposium on Computer Architectu re, March 1977 ,
pp. 125—134.

B. F. Womack , “Computers in Education: Tools for Today ’ s Teaching , ”
to app ear in Engineering Education , Vol. 67 , No. 7 , April  1977.

* S. A . Sz~genda , “ Fault Tolerant Design and Digita l Simulat ion for Increased
Reliability and Design Automation , ” Computer Aided Desig n Journal , April
1977.

* A . B. Buckman , “Theory of an Efficient Electronic Phase Shifter Employing

a Multilayer Dielectric-Waveguide Structure , ” to be publ ished in IEEE
Transactions on Microwave Theory and Techniques, June 1977.

* G. Marowsky ,  R.  Cordray , F . K . Tittel , W . L .  Wilson , and J . W . Keto ,
“ Electron Beam Excitations Studies of Potential Dye Vapor Phase Laser
Systems , ‘ ~~pplied Pj~ysics,  Vol. 12 , 1977 , p. 245 .

* M. Fink and P .C.  Moore , “Re l a t iv i s t i c  a nd Electron Correlation E ffects
in Neon and Argon ,” Ph~jsi ca l Review , Vol. 15 , 1977 , pp. 112-117.

* J. K. Aggarwa l and S. A . Unde rwood , “ Interactive Compu ter Analysis  of
• Aerial Color Infrared Photographs , ” Computer Graphics and Image Processing,

Vol . 6, 1977, pp. 1—24.

G. J. Lipovski , “ On A Varistructured Array of Microprocessors , ” IEEE
Transactions on Computers, Vol. C-26 , No. 2, 1977 , pp. 125—137.

H.L. Marcus , “Surface Techniques for the Study of Mat~’rials: AES , ESCA ,

SIMS , ” Journal of Metals , Vol . 29 , 1977 , p .  20.
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J. D. Frandsen and H. L. Marcus, “Environmentally Assisted Fatigue Crack
Propagation in Steel ,” Metallurgical Transactions, Vol. 8, 1977 , p. 265.

G.J. Lipovski , “An Organization for Optical Linkages between Integrated
Circuits , ’ to appear in AFIPS Proceedings, NCC, 1977.

G.L. Wise, “A Comment on the Second Moment Properties of a Nonl inear
System ,” to appear in Proceedings of the IEEE, Augu st 1977.

G. L . Wise , A . P .  Tragani t is , and J. B . Thomas , “The Es t ima t ion  of a Pro b-
ability Density Function from Measurements  Corrupted by Poisson Noise , ”
to appear in IEEE Transactions on In format ion  Theory, November  1977 .

G.L .  Wise , “On Preservation of Mea n Square Continui ty under Zero Memory
Nonlinear Transformations , ” to appear  in Journal of the Frankl in  Ins t i tu te ,
1977.

* S.1. Marc u s and A .S. Will sky,  “Algebraic Structure and Fini te  Dimensional
Nonlinear Es t imat ion , ” to appear  in SIA M Journal of M athemat i c~ l Analys is .

G.L.  Wise and N .C .  Gallagher , “ Spherically Invar i a r t  Random Processes , ”
to appear in IEEE Transactions on Information Theory .

B .J .  Olufeagba and R . H .  Flake , “Pa rameter Est imation for An Estuarine
P hosphorus Model , ” IEEE SMC Transactions , Vol SMC— 7 , No. 1 , Ja nuary
1977 , pp. 35 — 42 .

Granville Sewell and H . L . Marcus , “A Model fo r Fatigue Crack Closure
Based on Surface Roughness and Residu al  Strain , ” to be pu blished in Ju ne
issue of Scripta Metallurg ica.

* R . W. Ben~ and R. M. Walser , “ The Effect  of a Glassy Membrane on the
Schottky Barrier Between Silicon and Meta llic Silicides , ” to be published
in jp itrnal of Vaccum Science and Technology, July/August , 1977.

Granville Sewell and H . L .  Marcu s , “The Inf luence of Under load Time on
Crack Growth Reta rdation of Aluminum Alloys , ” to be published in th e
Internationa l Journal of Fracture Mechanics.
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J . P. Stark and H. L . Marcu s , “Segregation Related Grain Boundary Cohesion , ”
• to be publish ed in Metallurgical Transactions.

* T .K . M. Agerwala , “So me Extended Semaphore Primitives , ” accepted fo r
• publication , ACTA INFOR MATICA.

- 

• M, F . Becker and Jerome Knopp , “Human Visual Processing of I l lusions in
- 

• the Frequency and Spatial Domains , ” to be published in Jpu rnal of the
Optical Society of America.

* B. F. Womack and Y. Tjandra , “A Mu ltivalued Logic Circuit for Contro l
Systems , ” submitted for publication .

* S.I . Marcus , A.S .  Wilisky , and K. Hsu , “ The Use of Harmonic An alysis
in Suboptimal Estimator Design , ” sub mitted to IEEE Transactions on Auto-
niatic Control.

* ~~~~ Marcus , “Modeling and Analysis of Stochastic Differential Equations
Driven by Point Processes , ” submitted to IEEE Tran sact ions  on Information
Theory.

* Ajoy K. Bose and S. A . Szygenda , “Erro r Handl ing in Serial Shif t  Registers , ”
submitted to IEEE Transactions on Rel iabi l i t y .

* G. Morowsky, R.  Cordray, F. Tittel , B. Wilso n , a nd J .W . Ket o , “E nergy
Transfer Processes in Electron Beam Excited Mixtures of Dye Vapors with
Rare Gases ,” submitted to Applied Physics.

J . P. Sta rk , S .Khan and S. Shih , “Di f fus io n of Silver in Polycrystal line
Aluminum in a Temperature Gradient ,” Physica l Revie,~~~ in press ,
scheduled December 1976 , yet to appear.

J . P .  Stark and S. Shih , “ Diffusion of Ag 11° into Single Crystalline Silver
in a Temperature Gradient , Physica l Review B, in press , scheduled for
June 15 , 1977.

J , P. Stark and S. Shih , “ Diffu s ion of Ag~~° into Single Crystall ine Copper
in a Temperature Gradient , ” Jour nal of Applied Phys ics , in press.
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* R. Remke , R . M . Walser , and R .W . Ben~, “ Tra nsit ion Layers Between
CVD-V0 2 and Oxide Substrates , ” to be submitted to Journal  of Applied
Physic s ,  1977.

* FL M. Walser and R .W . Ben~ , “Interface  Reconstructive Effects  on the
Recrystal l i zation of Ion-implanted Amorphous Silicon Layers , ” to be
submitted to Applied Physic s Letters , 1977.

* B . F. Womack a nd D. O . N ilsson , “Mult ip le  Pa rameter Primary Extensors , ”
subm itted for publication.

* J . K . Aggarwa l , recei ved the Second Annual  Pattern Recognition Society
Awa rd for the manuscr ipt , “Findi ng the Edges of the Surfaces of Three-
Dimen siona l Curved Obj ects by Computer , ” by J . W. McKee and J. K.
Aggarwa l , Patter n Recognition , Vol. 7 , 1975 , pp. 25 - 52 .

i ’OOKS

* S . I. Marcus and A .S. Wilisky , “Algebraic St ructu re and Finite Dimensional
Nonli’-iear Estimation ,” in Mathematica l Systems Theory, G. Marchesini
and S.K. Mitter , eds., New York , Springer-Verlag, 1976 , pp. 301—311.

J. K. Aggarwal and M. Vidyasagar , Nonlinear Systems: Stability Analysis ,
Dowden , Mutchinson and Ross , Inc., 1977.

J .K .  Agga rwal , review of the book Picture Processing and Digital Filtering,
by T . S. Huang , appeared in April 1977 issue of IEEE Curcuits and Systems
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Seventeenth Annual  Meeting of the Divis ion of
Plasma Phy sics of the America n Physical  Society

St. Petersburg , Florida
Novemberl0-14 , 1975

E . J .  Powers et al . ,  “Ion Cyclotro n Fluctuat ions
in 2XI IB”

*Y.C .  Ki m and E . J .  Powers , “Disp ersive
Properties of High-Frequency Drift  Waves ”

University of Wisconsin , Madison
Novembe r 24 , 1975

E . J . P o w ers , “Applica tions of Digita l Time Series
A nalysis Techniques to the Problems of Instabil i ty
Id entification and Fluctuation - Induced Transport”

IEEE Conference on Decision & Control
Houston . Texa s
December 10-12 , 1975

Steven I. Marcus , “On the Stochastic Stabi l i ty
of Linear Systems Containing Colored Mu ltipli-
cative Noise ”

Region V IEEE Conference
Austin , Texa s , 1976

A . J. Welch and P. C. Richardson , “ Detection of
Sleep Cycle Information Using Beat- -by-Beat Heart

• Rate ”

* This work was funded entirely or in pa rt by the Joint Services
Electronics Pro gram.

xviii

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~ .A~
-.

- ~~~~— — —--  —-—— - -  ~.~~~~ —~—•-‘ •—~—•, - ,~



(PUBLIC ATIONS , TECHNICAL PRESENTATION S , LECTURES , AND REPORTS )

Third international Conference
on Pattern Recognition

Coronado , California , 1976

* J . McKee and I .  K. Aggarwal , “Computer
Recognition of Par t ia l  Views of Three-
Dimensional  Curved Objects ”

Tenth Annual Asi lomar Conference
on Circuits , Systems and Computers

Asilo mar , C~ iifor nia , 197 6

* M. Me nry and J. K. Aggarwal , “ Pha se Con-
side rations in the Design of Two-Dimensional
Digita l Filte rs ”

J . K. Aggarwa l , “A n Overview of 2-D Dig ita l
F ilt e ring ”

Austi n-Waco Society of Telephone Engineers
Austi n , Texas , 1976

J . K. Aggarwal , “C omputer Analysis  of Color
Aerial Ph otographs ”

First American Physical Society Topical
Conference on Diagnostics of High-
Temperature Plasmas

Knoxville , Tennessee
• January 7—9 , 1976

E. J .  Powers and T . C. Simonen , “Microwave
Mea surement of Plasma Density Fluctuation
Amplit udes ”
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Thi rd Symposium on Computer  Archi tecture
Clearwater , Florida
January 19—21 , 1976

T .A . Welch , “An Investigation of Descriptor -
Oriented Architecture ”

Texas Tech Univers i ty
Lubbock , Texas
Februa ry 23 , 1976 - •

E. J. Powers , “Analys i s  and Interpretation of
Pla sma Fluctuation Data Using Time Series
Analysis Techniques ”

Joi nt Institute for Laboratory Astrophysics
Boulder , Colorado
Mar ch 4 , 1976

* J. W. Keto , “Reactio ns Imçortant to the
Production and Loss of Excited Argon and
Xenon Molecules ”

Thirteenth Annual Electronics Review
The U niversity of Texa s at Austin
Austin , Texas
March 9 , 1976

* F. X. Bostick , “A n Experiment to Measure the
Characte r of ULF Wave Propagation in the
Oceanic Crust West of the Olympic Peninsula ”

* F.X.  Bostick , “Transmitt in g Antenna Per formance
Evaluations for Project Sanguine/Seafarer Site
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Thirteenth Annual Electronics Review
(continued)

* J. K.  Aggarwal , “Electronic Digital  Signal  Processing ”

* T. J .  Wagner , “ Electronic and Optical Pattern
Recognition ”

* S. I. Marcu s , “Stochastic No n linear Estimatio n ”

* T . K. M . Agerwala , “ Studies of Concurrent Com-
puting Systems ”

* R. T. Yeh , “Elect ronic Computer Software Systems ”

* R. H.  Flake , “Electronic Control Systems ”

* T. A . Welch , “Co mputer  System Design ”

* S. A . Szygenda , “ Electronic Computer Software
Systems ”

* E. W. Thompson , “Electronic Computer  Softwa re
Systems”

* A . B. Buckman , “ Refract ive Changes in FbI 2
by Photoly sis ”

* R. W. Ben~~, “ Solid-Solid Surface Reactions
in In/Se Binary System ”

* A .J .  Syllaios , “ Compositional Profiling of
Interfaces with Glow Discharge Optical
Spectroscopy ”

* E . J .  Powers , “A nalysis and Interpretation of
Plasma Fluctuation Data Uti l iz ing Digita l Time
Series Analysis ”
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Thir teenth Annual  Electronics Review
(continued)

* M. F . Becker , “Third Harmonic  Genera t ion  in
SF 6 

at 10.6 Microns ” and “Picosecond Optical
Measurement of Ultra fast Physical Phenomena ”

* J. Knopp , “ M u l t i c h a n n e l  Image Decoding Using
a Composite Filter ”

* M. Fink , “Electron Dif f rac t ion  from Atoms and
Molecules ”

* W .W . Robertso n , “ Molecu lar Gas Dynamics ”

* L. W . F rommhold , “La ser -Raman Spectroscopy
of Mo noat omic Gases ”

* J. Keto , “High-Ener gy Gas Laser Systems ”

* B. F. Womack , “Des ensitized Specif ic
Optimal System Design ”

The 1976 Conference on Informa tion
Sciences and Systems

The Johns Hopkins University
Baltimore , Maryland
March 31 — April 2 , 1976

G. L. Wise , “ Spectra l Densities of Markov Processes ”

Steven I. Marcus , “Analysis of Poisson-
Driven Bilinear Systems ”

* T. Agerwala , “Ti ming and Priority Considerations
In Concurrent Computing Systems ”
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Brandeis Univers i ty
Wa ltham , Massachuset ts
April , 1976

* M. Fink , “Relat ivis t ic  and Cor relation E ffec ts
in Atom s Studied by Electron Scattering ”

Ca rnegie-Mellon Universi ty
Pittsburgh , Pennsylvania
April  8 , 1976

* M. Fink , “ Relat ivis t ic  and Correlation Effec ts
in Atoms Studied by Electron Scattering ”

Invited Speaker at the Univers i ty  of Florida
Gainesville , Flo rida
Ap ril 8—9 , 19 76

Steven I. Marcu s , “Algebraic Structure and
Finite Dimensional Nonline ar Estimation ”

IEEE Region V Conference
Austin , Texas
April 14— 16 , 1976

R . H .  Flake , “Q uali tat ive Theory in Estuarine
Water Quality Modelling ”
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The Univers ity  of Texa s at Aust in
Ap ril 21 , 1976

* M. Fink , “Re la t i v i s t i c  and Correlation E f f e c t s
in Atoms Studied by Electron Scattering ”

Electrical Engineering Visiting Committee
Houston , Texas
May 10 , 1976

M. F. Becker , “Research Report: Nonlinear
Optics and Lasers ”

1976 IEEE International Conference
on Plasma Science

The University of Texas at Austin
Austin , Texas
May 24—26 , 1976

* E.J. Powers and Y.C. Kim , “Application of
Digital Spectral Analysis Techniques to the
Diagnostic Problem of Fluctuation-Induced
Trans port”

E.J. Powers , W.C. Turner , and T.C. Simonen ,
“Simultaneous Enhancement  of Ion Velocity Space
Diffusion and Ion Cyclotron Oscillatbns in a
Mirror Confined Plasma ”

* E . J .  Powers and Y.C. Kim , “Bispectra l Wave
Analysis of Nonlinear Wave-Wave Interaction s
in Plasmas ”

University of Sterling
Sterling , U . K .
May 25, 1976

* M. Fink , “Re la t iv i s ti c  and Correlation Ef fec t s
in Atoms Studied by Electron Scattering ”
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University of Saint Andrews
Saint Andrews , U .K .
May 28, 1976

* M. Fink , “ Cha rge Density Distributions
of Molecu les ”

Univers ity of Manchester
Institute of Science and Technology
Manchester, U.K.
June 1, 1976

* M. Fink , “Structure Determination by
Electron Scattering and Counting Machines”

University of Reading
Reading , U.K.
June 3, 1976

* M. F ink , “Charge Density Distributions
of Molecules ”

IX International Quantum
Electronics Conference

Amsterdam , The Netherlands
• June 14—18 , 1976

* M. F.Becker , “Third Harmonic Generation
at 10 . 6 Microns ”

• International Federation of
Automatic Control Symposium
on Large Scale Systems Theory
and Applications

Udine , Italy
June 16—20 , 1976

* B. J .  Olufeagba , R . H . Flak e , and K. J .  Almquist ,
“A Multiple Shooting and Sweep Algorithm for
Optimal Point Controlled Distributed Parameter Systems ”
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U niversity of Bielefeld
Bielef eld , W. Germany
Ju ne 17 , 1976

* M. Fink , “ Relat ivis t ic  and Correlation Effects
in Atoms Studied by Electron Scattering ”

• Univers ity of Muenster
Mu enster , W . Germany
Ju ne 23 , 1976

• * M. Fink , “Cha rge Density Distributions of Molecules ”

University of Kaiserslautern
• - Kaise rslautern , W . Germany

• June 30 , 1976

* M. Fink , “ Relativistic and Correla tion Effects
• in Atoms Studied by Electron Scattering ”

NASA Seminar/Research Institute on
Diffe rential and Algebraic Geometry
for Control Engineers

Moffett  Field , Calif ornia
June 30 , 1976

* Steven I .  Marcus , “ Modeling and Stabili ty
of Li near Systems with Multiplicative Poisson
Noise ”

Gordon Research Conference on
• Lasers in Medicine and Biology

Meriden , N. H.
July 5—9 , 1976

A . ] .  Welch and Les Priebe , “Prediction of
R etinal Thermal Injury from Laser Radiation ”

A .] .  Welch and Mike Mandell , “Receptive
Field Measurements After Laser Radiation ”
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University of Tuebingen
Tuebingen , W. Germany
July 20 , 1976

*M. Fink , “Structure Determination by
Ele ctron Scattering and Counting Machines ”

13th International Conference on
the Physics of Semiconductors ,

Rome , Italy
* August , 1976

*R. M. Walser and R. W . Bené , “Solid Phase
R eactions at Transition Metal- Silicon Interfaces ”

Symposium on the N ature and
Physica l Properties of the
Earth ’ s Cr-ust

Vail , Colorado
• August 2—6 , 1976

*F .X . Bostick and H. W . Smith , “ Magnetotelluric
and Dipole-Dipole Soundings in Northern Wisconsin ”

13th IEEE Computer Society
International Conference

• Mayflower Hotel
• Washi ngton , D. C.

September 1976

T .K. M. Agerwala , “Designing with Microprocessors ”

Division Meeting of Optical Society
of America

Houston , Texa s
September 8 , 1976

*J . W , Keto , “Kinetic Studies of Excimer Lasers
Using Single Photon Timing ”
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Rice University
Houston , Texas
September 2 8 , 1976

* Steven I. Marcus , “ The Use of Harmonic
Analysis in Suboptimal Estimator Design ”

The 1976 International
Telemeter ing Conference

— Los Angeles , California
September 28—3 0 , 1976

• G .L .  Wise and ] . B. Thomas , “Zero Memory
Nonlinear Transformat ions  of Gauss ian  Processes ”

Fourteenth Ann ual Alle rton Confe rence
on Circuit and System Theory

Mo nticello , Illinois
September 29 - October 1, 1976

N.C .  Gallagher , J .W.  Alle n , and G . L . Wise ,
“F ourier Series Representation for Polynomials
with Applic ation to Nonlinear Digital Filtering ”

G. L. Wise and N . C .  Gallagher , “A Repre sen-
tation for Spherically Invariant Random Processes ”

International Conference on
Software Engineering

San Francisco , California
October 1976

E. W. Thompson , “A Data Structure and Drive
Mechanism for a Table-Driven Simulat ion System
Employing Multilevel Structured Representations
of Digital  Systems ”
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Euromicro Symposium
Venice
October 12 , 1976

G. J . Lipovski , “ The Ar chitecture of a Simple
* Effective Control Processor ”

EPA University Noise Seminar
• Purdue University

October 18—20 , 1976

E. L . Hixson , “Vehicl e Noise Source Level
Measuring System ”

ACM ‘77
Houston , Texas
October 20 , 1976

G. I. Lip ovski , “Pane l Session: Micro s-
Minis—Maxis ”

U.S.  Geologica l Survey Workshop on
Electrical Methods in Geothermal Exploration

Snowbird , Ut~~
November 4-7 , 19 76

*H.W . Smith , “ Real Time , On-Site Processing
of Magnetotelluric Data ”

F.X.  Bostick , “ A Simple Almost Exact Method
of MT Analysis”

F. X. Bostick , “The Effect of Latera l Inhomogeneities
in a Magnetotelluric Survey ”
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Chemical Engineering Department
The U niversity of Texas at Aust in
Austin , Texas
November 9, 1976

* Steven I. Marcus , “T he Use of Harmonic
Analysis in Suboptimal Estimator Design ”

IEEE International Sympo sium on
Patte rn Recognition

San Diego , California
November 9-11, 1976

* T. J. Wagner , “A Dist ribution-Free
Perfo rmance Bound in E rror Estimation ”

The American Physical Society Division of
Plasma Physics Meeting

San Francisco , Ca lifornia
November 15—19 , 1976

* Y. C. Kim and E. J . Powers, “Utilization
of Bispectral Analysis in Experimental Studies
of No nlinear Wave-Wave Interactions ”

E .] . Pov~ers , et al . , “Fluctua tion Spectru m
In the NASA Lewis Bumpy Torus ”

* Surface Science Seminar
Be ll Telephone Labs
Murra y Hill , New Jersey
December 1976

- 

- *R . W. Bené and R . M .  Walser , “Schottky Barriers
at Transition-Metal-Silicon Interfaces ”
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Surface Physics Seminar
Bell Telephone Labs
Murra y Hill , New Jersey
December 1976

* R . M . Walser and R .W. Benë, “Nuclea tion of
Silicides at Transition Metal-Silicon Interfaces ”

- 
— IEEE Conference on Decision and Control

Clea rwate r Beach , Flor ida
December 1-3 , 1976

* Steven I. Marcu s , “The Use of Spherical
Harmonics in Suboptimal Estimator Design ”

Fall Annual Meeting
American Geophysical Union
San Francisco , Califor nia
December 6-10 , 1976

F .X. Bostick , H . W . Smith and J . E . Boehl ,
“ Magnetotelluric Measurement over Ki lauea
Iki Lava Lake ”

Second International Conference and
Wi nter School on Submillimeter Waves
and Their Applications

• San Juan , Puerto Rico
December 6-11, 1976

A . B. Buc kman , “ Theory of an Efficient Electronic
Phase Shifter Employing a Mult i layer Dielectric-
Wavegulde Structure”

1977 IEEE International Symposium
on Circuits and Systems

Phoenix , Arizona , 1977

H. Chang and J . K. Ag garwal , ”Design and Simulation
— of Two-Dimensional Interpolated Filter Systems ”
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10th International  Hawaii  Conference
on System Sciences

January 6—7 , 1977

* T.K. M . Agerwa la and B. Lint , “A Comparison of
Synchronizing Primitives ”

U niversity of Alberta
January 23 , 1977

G. J. Lipov ski , “On Vi rtual Memories and
Microprocessors ”

4th Annual Conference on
The Physics of Compound
Semiconductor Interfaces

Princeton , New Jersey
February 1977

* R. W . Ben~ and R . M .  Walser , “The E ffect
of a Glassy Membr ane on the Schottky Barrier
Between Silicon and Metallic Su icides ”

Solid Phase Epit axy Program Review
Califo rnia Institute of Technology
Pasadena , Califo rnia
March 1977

R. M. Walser , “Recrystal l izat ion of Ion-Implanted
Amorphous Silicon Layers ”

IL W . Ben~ , “Sili cide-Silicon Barriers ”

Intel Corporation
Mar ch 1977

R. M . Walser , “ Electronic Conduction in Ion-
Implanted Poly Silicon ” - 
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INTER-NOISE 77
Zurich , Swit zerland
March 1977

E. L. Hixson , “The Qual i f ica t ions  for a
Noi se Control Engineer ”

14th Annual Electronics Research Review
The University of Texa s at Austin
Austi n , Texa s
Ma rch 8—9 , 1977

* H. W. Smith , Ove rview of “ Modeling Subsurface
Resistivities with Magnetotelluric Data (MT Data) ”

* B. F. Womack , Overview of “Electronic Contro l
Systems ”

* S. I. Marcus , “ The Use of Harmonic Analys is
in Sub-Optimal Estimator Design ”

G. L. Wise , “An Overv iew of Some Recen t Res u lt s
in Communication and Control”

* J. K. Agga rwal , “R ecent Results on Two-Dimensional
Signal Processing ”

* T. J . Wagner , “Recent Results on Nonp arametric
E stimation and Discrimination ”

* S. A . Szygenda , Overview of “Electronic Computer
Software System ” and “Electronic Computer Design
and Analysis ”

G. J. Lipovski , “ Comput er Architecture and Micro-
processor Systems ”

* T. K. M. Ag erwala , “Studies in Concurrent Computer
Systems ”
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14th Annual Electronics Research Review
(cont inued’~

* E. W. Thompson , “Validati on of Hardware ,
Softwa re Systems ”

* R . T . Yeh , “Software System Design Methodology ”

* R . M. Walser , Overview of “Basic  Solid State
Materials Research” , and “Research on Solid
State Infrare d and Optical Devices ”

* R . W. Ben~, “Schott ky Ba rriers in Transition
Metal-Silicon Systems ”

* A . B . Buckma n , “Photoly sis  in FbI 2 ”

* R. M. Walser , “Recrys ta l l i zation of Ion-Implanted
Amorphou s Silicon ”

* E. J . Powers , Overvi ew of “Atomic and Molecular
Elect ronic Processes , ” “Lase r , Hologra phic , and
Optical Systems , ” “ Linear and Nonline ar Wave
Phenomena in Optics and Plasmas , ” and “ High
Energy Gas Laser Systems ”

* M . Fink , ” Electron Scattering from Atoms and
Molecu les ”

* M. F. Becker , “Infra red Nonlinea r Optics in
Molecular G3ses ”
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1977 March Meeting of the
Applied Physics Society

San Diego , California
March 2 1-24 , 1977

* M . Fink , “Can El ectron Diffracti on Provide
More Accurate Molecular Charge Densities
Than Cu rrent Theories ”

Fourth Symposium on Computer Architecture
Silver Spring , Maryla nd
Ma rch 23-25 , 19 77

T.A. Welch and H.L .  Tredennick , “High- Speed Bufferin g

for Va riable Length Operands ”

Symposium on Computer Architecture
Washington , D. C.
March 24 , 1977

G.J .  Lipovski , “Panel Se ssion: Buzz-words
in Computer Architecture , ” and “ On Virtual
Memories and Micronetworks ”

The Johns Hopkins Conference on
Information Sciences and Systems

Baltimore , Ma ryland
March 30 — April 1, 1977

* Steven I.  Marcus , “ Modeling and Analys i s
of Poisson Driven Markov Processes ”

Colloquium on Decision and Contro l
University of Texas at Austin
Austin , Texa s
March 30 , 1977

B.F .  Womack , “Des ign and Control of Feed-
back Systems via Sensit ivity Theory ”
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The 1977 Conference on
Information Sciences and Systems

The Johns Hopkins University
Baltimore , Maryl and

* 
Ma rch 30 — Apr il 1, 1977

G. L. Wi se and N .C .  Gallagher , “A Novel
Approach for the Computation of Chebyshev
Polynomial Expansions ”

University of Illinois
Chicago Circle Campu s
April 17 , 1977

R. T. Yeh , “A n Outline of a Design Methodology
for Data Base Systems ”

Joint Services Topical Review on In formational
Aspects of Decision and Control

Cambridge , Massachusetts
May 4-5 , 1977

* Steven I . Marcus , “The Use of Spherical
Harmonics in Suboptimal Esitmator Design ”

Syracuse , New York
May 17 , 1977 4

G. J . Lipo vski , “On Imaginary Fields , Token
Transfers , and Floating Codes in Intelligent

• Secondary Memories ”

NCC
Dallas , Texas
June 16 , 1977

G. J . Lipovski , “An Organization for Optica l
Li nks Between Integrated Circuits ”
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PUBLISHED ABSTRACTS

E. J. Powers and T.C. Simonen , “Microwave Measurement  of Plasma
Density Fluctuation Amplitudes , ” Bullet i n of the American Phys ica l  Society,

• Vol. 21 , No. 5, 1976 , p. 855.

* E. J . Powers and Y. C. Kim , “A pplication of Dig ital  Spectra l Analysis
Techniques to the Diagnostic Problem of Fluctuation-Induced Transport ,”
Conference Record - The 1976 IEEE In ternat ional  Conference on Plasma
SciencQ, IEEE Cata log No. 76C H 1083-5-NPS , p. 47.

E. J . Powers , W. C. Turner , and T . C. Simonen , “Simul taneous  Enhance-
ment of Ion Velocity Space D i f f u s i o n  and Ion Cyclotron Osci l lat ions in a
Mirro r Confined Pl asma , ” Conf erence Record - The 1976 IEEE Internationa l

Confere nce on Plasma Science, IEEE Catalog No. 76CH 1083 -5-NPS , p. 77 .

* E. J. Powers a n d Y . C. Kim , “ Bispectra l Wave Analysis of Nonlinear Wave-
Wave Interactions in P l asmas , ” Conference~~~c~~~ - The 1976 IE EE Inter-
national Conference on Plasma Science, IEEE Cata log No.  76CH 1083-5-NPS ,
p . 78.

E. J . Powers , et al , “Fluctuat ion Spectra in the NASA Lewis Bumpy Torus ” ,
Bull etin of the American Physica l Society, Vol. 21 , 1976 , p. 106 9.

* Y. C. Kim and E. J. Powers , “ Utilization of Bispectral Analys i s  in Exper-
imental Studies of Nonlinear Wave-Wave Interactions , ” Bulletin of the
Ame rican Physical Socie,~~ Vol. 2 1, 1976 , p. 10 81.

S. I. Marcus , “Es t imat ion  and Analys is  of Nonl inear  Stochastic Systems , ”
IEEE Transactions on Information Theory, Vol. IT-22 , July 1976 , p. 503.

* A . B. Buckman , “Theory of an Eff icient Electronic Phase Shifter  Employing
a Multilayer Dielectric-Waveguide Structure,” IEEE Conference Records -

Abstracts , Second Internationa l Conference and Winter School on Submil l i -
meter Waves and Their i\ pplicatio ns , IEEE Catalog No. 76-CH- 1l52-8-MTT ,
San Juan , Pu erto Rico , December 6-11 , 1976.

*Funded entirely or in part by the Joint Services Elect ronics Program.
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* M. Fink , “Can Electron Diffract ion Provide More Accurate Charge Densities
Than Current Theories , ” Bulleti n of The American Physica l Society, Vol. 22 ,

1977 , p. 306.
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CONFERENCE PROCEEDINGS

* R . T. Yeh and C. Reynolds , “Verif icat i on of Nondeter rn in ist ic Programs , ”
Proceedings of the 11th As imolar Conference on Circuits , Systems, and

• Computers, November 1975.

* T . A . We lch , “An Investigation of Descriptor Oriented Architecture ,”
Proceedings of the Third Symp osium on Computer Architecture1 Clearwater,
Florida , January 19—21 , l976 , Cat . No. 76CH 1043— 5C , pp. 141—146 .

* T. K. M. Agerwala , “Timi ng and Priority Considerations in Concurrent
Computer Systems , ‘ Proceedings of the Conference on Information Sciences
and Systems, The Johns Hopkins Univers i ty ,  Bal t imore , Maryland , March
3 1 —  April 2 , 1976.

G. L. Wi se , “ Spectra l Densities of Markov Processes , ” Proceeding~ of
the 1976 Conference on Information Sciences and Sys t ems ,  The Johns
Hopkins University,  March 31 — April 2 , 1976 , p. 161.

* R. T. Yeh , “ Prospectives on the Nature of Software Problems ,” Proceedings
of the IFIP Working Conference, Tokyo , Japan , Ap ril , 1976.

* S. I. Marcus , “A naly sis of Poisson fliven Bilinear Systems , ” Proceediflg s
of th e 1976 Conference on Information Sciences and Systems ,” Th e Johns

-

• 
Hopkins Univers i ty ,  April 1976 , pp. 41 1—415.

* A. B. Buckman ,ed . ,  “1976 Region V IEEE Conference Digest , ” IEEE Catalog
No. 76CH 1068—6—REG S , Austin , Texas , Ap ril 14— 16 , 1976.

R . H. Flake , “Qual i ta t ive  Theory in Estuarine Water Qual i ty  Modelling , ”
Proceedings of the IEEE Region V Conference1 Austin , Texa s , April 14-16 ,
1976.

* R . T. Yeh , “An App roached Program Verification , ” Proceedings of the
Design Automation Workshop, San Francisco , Califor nia , June , 1976.

— 
* Funded entirely or in part by the Joint Services Electronics Program.
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* S. I. Marcus , “ Modeling and Analys i s  of Linear Systems Driven By Multi-

plicative Poisson White Noise , ” Proceedings of the NASA Seminar/Resed~Pii
Institute on Differential  and Algebraic Geometry for Control Engineers ,

- June 1976.

* B. J. Olufeagba , R . H. Flake , and K. J . Almqu ist , “A Mult ipl e Shooting
and Sweep Algo rithm for Optimal Point Controlled Distributed Parameter
Systems ,” Proceedings of the International Federation of Automatic Control

~~p~posium on Larg e Scale Systems Theory and Applications ,  ed. ,  G. Guarda-
bassi and A. Locatelli , Udi ne , I ta ly ,  Ju ne 16-20 , 1976.

* R. M. Walser and R. W. Benë , “Solid Phase Reactions at Transition
Metal -Silicon Interfaces , ” Proceeding s of the Internationa l Conferer ic~
on Physics of Semiconductors, Rome , I taly , August  1976.

G. L . Wise , “A Com ment on the Estimation of Probabili ty Density Functio ns , ”
to appea r in Proceedings of the Worksho~~on D~ ci~~qn In~ormatio~J2!
Tactical Command and Control , Airlie , Virginia , September 2 2 - 2 5 , 1976.

G. L. Wise and J . B. Thomas , “ Zero Memory Nonlinear Trans formations
of Gaussian P rocesses , ” (i nvited paper) , Proceedings of the 1976 Inter-
national Telemeteri ng Conference, Los Angeles , Californ ia , September
28—30 , 1976 , pp. 136— 142.

N.  C. Gallagher , I . W . Alle n , and G. L. Wi se , “ Fourier Series Represen-
tatio n for Polynomials with Application to Nonlinear Digita l Filtering , ”
Proceedings of the Fourteenth Annual Allerton Conference on Circuit and
System Theory, Monticello , Illinois , September 29-October 1, 1976 ,
pp. 21 1—2 18 .

G. L. Wise and N. C. Gallagher , “A Representation for Spherically
Invariant Random Processes , ” Proceedings of the Fourteenth Annual  Allerton

Conference on Circuit and System Theory, Monticello , Illinois , September
29 — October 1, 1976 , pp. 4 60—469.

* S. A. Szygenda , N.  Billawala , a nd E . W . Thomp son , “A Data Structure
and Drive Mechanism for a Table-Driven Simulation System Employing
Multilevel Structural Representations of Digital Systems , ” ProceedingS of
the Internationa l Conference on Software Engineer~~g, October 1976.
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* T . J. Wagner , “A Dis t r ibu t ion-Free  Per formance  Bound in Error  Es t ima t ion , ”
Proceedings of the IEEE Internationa l Symposium on Pat tern Recognit ion ,
San Diego , California , November  9 - 11 , 1976.

* S. I . M arcus and A . S. Willsky, “The Use of Spherica l Harmonics  i n
Suboptimal Estimator Design ,” Proceedings of the 1976 IEEE Conference
on Decision and Control , December 1976 , pp. 18 9-203 .

* B . F. Wornack and D. 0. Ni lsson , “General i zed Tensorial  Systems Analy-
sis , ” i0~ 6 Region V IEEE Conference Digest, Libra ry of Congress Cat. No.
7 2—87449 , pp. 3 15—3 17 .

B. F. Womack and C. R . Browning , “ S h i f t  Patterns in Heuris t ic  Searches , ”
1976 Region V IEEE Conference Digest , Library of Corgress , Cat .  No. 72-
97449 , pp. 30 9—314.

P. C. Richardson a nd A. J . Welch , “Detectio n of Sleep Cycle Information
Usi ng Beat -by-Beat Heart Rate , ” 1976 Reg ion V IEEE Conference Digest ,
Library of Congress Cat.  No. 76CH 1068-6 , pp. 20 3-207 .

* W . G. Gipe and T. A. Welch , “ Processor Design for Da ta Structure Ha nd-
li ng in Data Man agement  Systems , ” 1976 Region V IE E E Conference
Digest, Cat. ~ o. 76CH 1068— 6 , pp. 2 4 1 — 2 4 6 .

* H. L. Tredenrilck and T. A. Welch , “An Opera nd Add ress Genera tor fo r a
Variable Word Length Processor , 1976 Region V IEEE Conference Digest,
Cat- No. 76CH1068— 6, pp. 247—252.

* T. A. Welch , “A Compute r Architecture for Support of High-Level Languages ,”
1976 Region V IEEE Con ference Dig,~~~~ Cat. No. 76CH 1068- 6 , pp. 25 3-
25 6.

* J. J. Montemayor and B. F. Woma ck , “More on the Conjecture by Siljak , ”
1976 Region V IEEE Conference Dig,~~~~ Cat. No. 76CH1068— 6 , pp. 318-
320.

B. F. Womack , T. Nagooka , and M.  Oda , “ Concept Formation of Multi-
modal Hi l l  in Heuristic Search Behav ior ,” Proceedings, 1976 Joint  Auto-
matic Control Conference , lOpp .
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F. X. Bostick , “A Simple Al most Exact Method of MT f\nilysis ,” f~~~~~~jns

of the U. S. Geological Survey Workshop on Electr ica l Method s in Geo-
thermal Exploration, Unive r s i ty  of Utah , January , 1977 .

* T. K . M. Agerwala and B. Lint , “A Comparison of S y n c h r o n iz i n g  P r i m i t i v e s , ”

Proceedings of the 10th Internat ional  Hawai i  Confe rence on System Sciences,

January 6—7 , 1977.

* E. L. Hixson , “The Qual i f icat ions  for a Noise Control En g inee r , ” Proce~~j~ g~~
INTER -NOISE 77 , ed. Eric J. Ro the , PB-6 , March [-3 , 1977.

— * T. A. Welch and H. L. Tredennick , “High-Speed Bufferi ng for Variable
— Length Opera nd s , ” Proceedings of the Fourth Symposium on Computer

Architecture , Silver Spring , Maryland , March 2 3 — 2 5 , 1977 , Cat. No.
77CH 1182— 5C , pp. 205—210 .

G. L. Wise and N. C. Gallagher, “A Novel Approach for the Computat ion

of Chebyshev Polynomial Expansions , ” to appear in Proceedings of the
1977 Conference on Information Sciences and Systems, The Johns Hop-

ki ns University , March 30—A pril 1 , 1977.

* S. A. Szygenda , “ The Evolution of Functional Simulation fro m Gate Level
Simulation , ” 1977 IEEE International Symposium on Circuits and Systems

Proceedings, April 1977.

* Aj oy K. Bose and S . A . Szygenda , “ Detection of Static and Dynamic Hazards

in Logic Nets , ” to be prese nted at the 14th Design Automation Conference
in New Orleans , Ji.ine 1977.

* Aj oy K. Bose and S . A . Szygenda , “Design of a D iagnosable and Faul t
Tolerant Input/Output Controller , ” to be presented at the Nat ional  Com puter
Conference in Dalla s , June 1977.

* T. K. M. Agerwala , “ Communicat ion , Computation , and Computer Architec-

ture , ” R ecord of 1977 International Communication Conference , Chicago ,

June 1977.

* S. I. Marcus and A. S. Wiilsky, “Estimation on Compact Lie Groups , ” to

appea r in Proceedings of the 1977 Joint Aut qj~a~jc Control Conference,  San

Francisco , California , July 1977.
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* B. F . Womack and V . M. Levykin , “Ci rcu la r-Po la r  Conf igura t ions  of Dynam-
ic Multiple-Connected Subsystems , ” a paper accepted for the IFAC Symposium
on In fo rma t ion  Control Problems in M a n u f a c t u r i n g  Technology , Tokyo , J apan ,
October 17—20 , 1977 , 11 pp.

* S. I . Marcus , “ Modeling and Analysis  of Poisson Driven Marko v Processes , ”
to appear in Proceedi ngs of the 1977 Conference on Informat io n Sciences and
Systems, The Johns Hopkins Universi ty , 1977.

* K. Kohanbash and S. I . Marcus , “ Fou rier Series and Estim ation:  An Appli-
cation to Optical Phase Tracking , ” submit ted to the 1977 IEEE Conference
on Decision and Control .

* R. B. Asher and S. I. Ma rcus , “Optimal  and Suboptimal  Est imation with
Mixed Rotational Observables ,” submitted to the 19 77 IEEE Conference
on Decision and Control.
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FUL L LENGTH TECHNICAL REPO RTS

TR 176 Troy F. Henson and Baxter F. Womack , “Desensitized
Specific Optimal System DesIgn , ” Dece mber 1 , 1975.

• TR 178 Jerome Knopp and Elmer L. Hixson , “Multichannel Image
Decoding , ” January 15 , 1976.

TR 180 L. A. Priebe and A. J . Welch , “The Measurement of Thresh-
old Temperatures in the Ocular Fundus for Laser Induced
Visible Lesions ,” February 1, 1976.

TR 181 M . T. Manry and J. K. Agga rwal , “The Design of Multi-
dimensional FIR Digital Filters by Phase Correction , ”
August 12 , 1976.

TR 182 C. S. Perirod and T. J . Wagner, “Nonparametric Estimation
• With Local Rules ,” October 11 , 1976.

TR 183 L. P. Devroye and T. J . Wagner , “Nonpara metric Discrim-
ination and Density Estimation , ” December 1 , 1976.

TR 184 W. N. Martin and J. K. Aggarwal , “Dynamic Scene Analysis
The Stud y of Moving Images , ” January 15 , 1977.
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REP ORTS

A .J .  Welch , L. A. Priebe , G .D.  Po ihamus , and G. D. Mist ry, “ Model
of Thermal In jury  Based on Temperature Rise  in Fundus Exposed to Laser
Radiation , ” Fina l Report for Brooks Air Force Base Contract F4 l609-74-C-
00 2 5 , Electronics Research Center , The U niversi ty of Texa s at Aust in ,
1975.

T . K . M .  Age rwala , S. Szygenda , E.W. Thompson , A. Bose , and T.
Montgomery , “Technical  Report of Cert if iable Minicomputer  Study, ”
(Co ntract *DAABO3-75-C-0 l36) , Hardware Group Report , Department of
Electrical Engineering , The Un ive r s i t y  of Texa s at Aus t in , August  1976.

T.K . M. Agerwala , D. Good , A.  Ambler , J .  Browne , S. Szygenda , and
E. W . Tho m pson , “Technical Report of Cert if iable Minicompu ter Study, ”
Final Report , Department of Electrica l Engineering , The Univers i ty  of
Texa s at Austin , Au gus t 1976.

A .J. Welch , M.J .  Lisenby , T.P. Daubek , and P.C. Richardson , “Sleep-
Wakefulness Determinations from Heart Rate Data , ” F ina l  Report for U . S .
A rmy Medica l Research and Development Command Contract  No. DAMD
l7-74--C-408 1 , Bio medical Engineering Progra m , The Univers i t y  of Texas
at Aust in , 1976.

E .L .  Hixson , “A Study of Broad Band High Level Audio Systems , ” Quarterly
Progra m Report , October 1, 19 76 to December 3 1, 1976.

K.S .  Chao , R.  Saeks , C. Karmokolia s , a nd G. Wise , “A Semi-A nalytic
App roach to the Analysis and Design of Electronic Circuits , ” Inst i tute
for Electronics Science , Texa s Tech Universi ty , lu bbock , Texas ,
January 2 1, 1977.

* E .C.  Field , F .X. Bostick , and C.S. Cox , “Land -to-Seafloor Electro-
magnetic Transmissions in the 0.1 to 10 Hz Band , ” Fi nal Report , Contract
N000 l4—76-C— 0620 , Office of Nava l Re search , Pacific-Sierra Research
Corp.,  March 1977.

* Funded entirely or in part by the Joint Services Electronics Program.
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* F.X.  Bost ick , H. W. Smith , and J . E. Boehl , “ The Detectio n of ULF -ELF
Emi ssions from Moving Ships , ” Fi nal Technical Report , AR PA Contract No.
DAAHOI-74-C-0345 , Electrica l Engineering Research Laboratory , The

Universi ty of Texas at Austin , Ma rch 1977.

Jerry Baker and Raymond T. Yeh , “A Hierarchical Design Methodology
for Data Base Systems , ” April 1977 .
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A. INVESTIG~ T~ON OF TRANSITIO N LAYERS BETWEEN
C ’JD-V02 THIN FILMS AND OXIDE SUBSTRATES 1

Professor R . M. Walser, Professor R . W. Bené, and Ron Remke

Our research on V02 thin f i lms  was initiated as a model
system In which to address fundamenta l  questions about the behavior of
electronic devices ope rating at steady states far from thermodynamic
equilib rium . In VU2 th in f i lm res istors the d iss ipa t ive  structu re is a
high current f i lament with an abrupt metal -semiconductor phase boundary .
Ou r previous investigat ions of the switching [1] and bolometric response
[2] of these filaments revealed several inom alies indicat in g that the
pha se boundary was pinned for sm-all thermal perturbat ions.  Phase bound-
ary pi nning is expected to s igni f icant ly  alter the interpretation of the
many previous studi es of electronic and optica l properties of VO2 thin
fil ms and devices [3] .

Ou r research in the past  year has been directed toward deter-
mining the origin of this pinning . The results  obtained conclusively show
that th e observed pinning is due to an interf acla l  laye r between the chem-
Ically deposited VO films and the oxide substr ates , i . e .  , sapphire
(A1203) and quartz rS~02 ) .  Our f indi ngs and their interpretat ions are
summarized In a forthcoming jou rnal article {4] .

Concentration profiles obta ined from AES ana lys is  show that
substrate metal atoms (Al from sapphire and Si from quartz ~ penetra te
the VU 2 fi lm a distance 10001 from the Interface . The large depth
of In ter — di ffus ion Is surprising considering the stabi l i ty  of the bulk metal -
oxide bonds of these systems and the low ( 500 ° C) rea ction tempe ra tu re .
Similar low tempera ture Interfaci al reactions are , however , commonly
observed at metal-semiconductor interfaces.  Because the 68°C metal-
semiconductor phase transition is sensitive to smal l  concentrations of
meta l Impurity atoms , but relatively Insensitive to s tress , one can de-
te rmine the electronic properties of both transit io n regions by comparing
the mea sured temperature dependence of the VU 2 fi lm resistance as a
function of fi lm thickness.

-t Th l s  research was supported entirely by the Joint Services
Electronics Progra m under Contract F4462 0-76-C-008 9 .
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(I . SOLI D STATE ELECTRONICS )

In summary , the AE S data show that while both systems have
chemical tra nsition regions , the interface of V02-A12 03 is electrically
inactive compared with that of V02-S102 . The data shows tha t the tran si-
tion tempera ture of the firs t system is identica l to bulk V02 a nd inde-
pende nt of fi lm thickness while that of the latter varies as shown in Fig .
1. The electrical inacti vity of the VO2 -Al2 0 3 implies that Al mus t  be
segregated during the crystallization of VU2 and that the transition re-
gion has a much lower conductance than that of semiconducting VU 2 .
The opposite is tru e for the V02-Si0 2 in terf ace;  Si is evidently Incor —
porated in the VU 2 crystalline grai ns and the interfa c ia l  region has a
conductance comparable with VU2 a nd a higher transition temperature .

The existence o f the tran sition region has serious implications
f or  understanding switching and phase boundary dynamics  in V02 struc-
tu res with film thicknesses comparable with the transit ion region . For
example , in VO 2 -Si0 2 , the dominan t  conduction path before thermal
switching will be along the transition region , shif t ing to the surf ace a fter
the switch - occurs . Thus , the nucl eation of the phase boundar y wil l  be
thermally driven by the subsurface region , but the easy growth path of the
filame nt will be along the surfa ce . Clearly the switching dynamics of the
phase bou ndary in this system will be quite d i f f e r e n t  than those of the
V02-A12 03 system where filament nucleation and growth should both occur
on the surface .

To further test our hypothesis on Im pur ity segregation in these
systems , thi n deposited films of Al and Si were d i f fuse d  into the as-
deposited a morphous VO~ fi lm and into po lycry stalline V2 05 a fter
oxidation-crystallization of the a-VO ’ . From the shif t  in T~ relative to
that of the bulk crystal , we conclude that neither Al or Si can d i f fuse
into crystalline V205 or VU 2 at 500°C , but both are incorporated into
the crystalline phase if present in the amorphous phase.  This implies
that the Al in the AES pro f i le  of V02—A1203 was not in the metallic state
du ring the reaction cycle .

In principle , the existence of a transition layer provides an
explanation for the anomalies we observed earlier.  These are di scussed
in more detail  in our forthcoming paper.
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In summary , we expect to detect a transition from interfa ce-
dominated to surface-dominated e ffects In relatively thick (>>500 A ) V02
fil ms on Sb 3 substrates at high bias levels. This transition Is shown
in Fig . 2 for the bias-dependent black-body radiance profiles of the fil-
ament and In Fig. 3 for the bias dependence of the spatia l profiles of the
bolomet ric response of the fi lament.

R eferences

1. W . H. Neal , II , R . M. Walser , and R. W. Benê , “A Study of
Nucleation and Dynamic Phenomena of Thermal Filaments in
Va nadium Dioxide , ” Electronics Research Center Technical
Report No. 153 , Austin , Texas , September 1973.

2. E. C. Jeiks , R. M . Wal ser , R . W. Benë , an d W . H. Neal , II ,
“ Response of Thermal Filaments In VU 2 to Laser-produced

Thermal Perturbations , ” Applied Physics Lett,~~~~ Vol. 26 ,
No. 7 , April 1975 , pp. 355—35 7 .

3. C. N. Berglund , “ The rmal Filaments in Vanadium Dioxide , ”
IEEE Transactions of Electron Devlces, Vol. ED-l6 , No. 5 ,
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4. R. L. Remke , R. M. Walser , and R. W . Ben~ , “Transition
Layers Between CVD-VO3 and  Oxide Substrate s , ” to be
submitted to ~p~çnal of Applied Phy si .~~
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Figure 1. Conductivity Transition (versus te-nperature ) For Three VU 2
Films on Quartz.
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Figure 2 .  Spatial Infrared Radiance Pro files Of The Fi lament  As A Function
Of Bias.
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Figure 3. Spatial Profiles Of Bolometric Response Of The Fi lament  As A
Function Of Bias.
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B. SOLID-SOLID INTERFA CE REACTIONS t
Professor P . W . Bené , Professor P . M . Walser , W . J. Schaffe r ,

J ames Hu , M ark Chonko , and Da n Richter

The purpose of thi s work is to determine the relat ionship of
thermodynamic equilibrium parameters to interphase reactions in thin
fil ms at low temperatures , where it appears that  the new phas es formed
are determined k inoti cal ly.

Based upon experiments on compound nucleation , su rface recon-
struction, Schottky barrier heights , recrystall i zation , e tc . ,  we have
postulated a model [1 , 2 , 3] for the dynamics 3f phase formation in Si—
metal and Ge-metal Sys tems.  A prominent  fea ture  of this model is a
predicted glassy membrane region between crystal l ine phases.  These
gla ss—like interphases are expected to s ignif icant ly  a f fec t  the kinetics
of thin film phase formation , d i f fu s ion , and the stat ic properties , such
as Schottky barrier heights , in metal -semiconductor systems.  In an
att empt to verify the existence of these membrane regions and also to
study the phase nucleation in thin f i lms in more detail  concerning para m-
eter variations , we hav e begun measurements on systems of thin metals
( 5— 1000 1) sputtered onto single crysta l silicon subs t ra tes .  The measure-
ments we are doing at present are x-ray diff ract ion and transmission
electron diffraction (TED) , and will be expanded to include Auger spec-
troscopy and Schottky barrier measurements in the near future .

Transmission electron diffract ion measurements are presently
underway on thin metal f i lms of Pd , Pt , Ni and Co on (100) Si. We are
doing two types of experiments: one is to deposit f i lms ranging from
~- 8 Ito  100 A on Si substrates and then je t—thin  through the Si wafer
to prepare the TED samples , and the other is to prepare re latively thick
fil ms (—.‘ 1000 1) and then do a double jet-thinning operation from each
side to the interphase region (near the Si-su icide interphase) . Prelim-
inary measurements on the Pd-Si system have indica ted that we get an
amorphous layer for Pd fi lms less than about 15 A and then polycrystal l ine
Pd 2 Si (288 H) formation for f i lms  thicker than this . F igures 1 and 2 show

-t This research was supported in part by the Joint Services
• Electronics Progra m under Contract F44620-76-C-0089 , and by the

Office of Naval Research .
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(I. SOLID STATE ELECTRONICS )

typical TED patterns for 25 A and 12 A sputtered f i lms  of Pd on ( 100)
Si. Both samples were unannealed . More extensive measurements  may
ind icate that we are indeed seeing the membrane region for the thinner
fi lms.

The Pt , Ni , and Co systems also form su icides upon deposition
(without a nnealing) as indicated by TE D and/or x-ray diffr act ion . The se
syste ms are more complicated than the Pd case because they each form
more than one silicide in the low temperatu re regime and so we are not
as far along in our invest igat ions for these sys tems .  In addit ion , the

— double etching process is d i f f i cu l t  in the Pt system because the etches
tend to u ndercut the Pt by etching the su icides faster than Pt. In the
Ni -Si system , we have observed formation of the Ni 2 Si(  5) phase upon
deposition using TED (not visible in x-ray) and also NiSi us ing x-ra y
d i f f r action . We 1’ave not as yet sorted out the morpho 1o~ y of these poly-
crystalline regions , nor have we looked for amorphous regions.

One of the things tha t need s to be studied in more de ta il is the
role of interfacial oxygen on the interp h asr  regio n.  In th is regard , Figs.

3 , 4 , and S show TED’ s of a 700 A f i lm of Co on Si annealed at 450° C
for 30 minutes , which has subsequently been double j e t - th inned to expose
the interphase region. Figure 3 shows polycrys tal l ine  Co2 Si formation
and faint  rings of Co2Si0~ . Figure 4 shows another region in the inter-
phase where the Co2 Si0~ rings are dominant.  Dif ferent  regions in the
interphase are brought out in the TED due to unevenness of the etching
process. Final ly ,  in Fig . 5 we show another region in the interphase
where a very amorphous structure is obse- ;ed .

We plan to continue our efforts to characterize the interphase
region in these systems more ful ly than has been done in the past , and
in addition , study the effects of various parameters such as substrate
orientation , substrate preparation , spu ttering paramete rs , substrate
bias and anneali ’~g,  on the interphase structure and growth kinet ics .  In
this regard we expect to shortly begin Auger and Schottky barrier measure-
ments to supplement the structural information we are now obtaining.

10
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Fig ure 1. TED of 25~. Pd on (1 00) Si
Showing Pd 2 Si Format ion .

Figure 2 .  TED of 12 Y~ Pd on (100) Si
Showing Amorphou s R i n g s .
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A~~~ ~~~~~~~~~~~~

Figure 3. TED of Interpháse of 7001 Co on (100) Si
Showing Co2 Si Formation .

— —It *~
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• Figure 5. Same as Figure 3 ShowIng
• - 

• Highly Amorphous Ring
Structure .

Figure 4. Same as Figure 3 Showing
Co3 Si Rin gs .
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C. INTEGRAT ED OPTICAL BEA M ADDRESSER t
Pro fessor A. B. Bu ckm zi n

0

The very large range of refractive index ( 2 .2 — . 2 . 7 at 6238 A)
accessible by photolysis of PbI 2 f i lms at 165°C raises the pos s ibi l i ty
of mult iple  exposure of a large number of elementary holograms in guided
wave structures containing such f i lms .  As with an ordinary thick phase
hologram , the number of element ary holograms which can be mu l t ip ly  ex-
posed inc reases with refractive index range . In a gu ided wave geometry
a device containi ng many superimposed Bragg gratings cou ld function as
a beam addresser with a large number of resolvable spots , if the mode
propagation constant were controlled electrooptical ly.

In the JSEP-supported part of thi5’ wo rk , we have been concerned
primarily with design of the experiment for exposing elementary holograms
in PbI 2 f i lms , allowing measurement of diffraction eff ic iency.  In a re-
lated proje ct sponsored by the Office of Nava l Research , mul t ip le  layer
waveguidi ng structu res are being analyzed theoretically,  with special
attention given to s tructure s where smal l  refract ive index variations in
one of the media produce larger variations in mode e ffective index 111-3].

To record a hologra m in hot Pb 12 ,  random phase changes in the
interfering beams due to air convection near the hea ted t i lm must  be elim-
inated . To accomplish this , a pri sm of t r iangular  cross section was placed
in optical contact with the glass substrate . A diverging beam from an argon
laser , incident on the opposite edge of the triangular prism , was ob0served
to produce good quality Interfe rence f r inges , of pe riod —~40 00-5 000 A
(depending on prism geometry and re fractive Index) In photoresist coated
on the glass substrate . The glass substrate form s part of an enclosed box ,
which i s held at a temperature of 16 5°C by means of resistance heating .
The box is heavily insulated , to avoid prod ucing convection currents in
f ront of the prism which would destroy the interference pattern . The first
experiments on Pb 12 fil ms will begin shortly .

By measuring the dif f racted intensity of the phase gratings we
produce , we can eva luate diff ract ion ef f ic iency.  This wil l  be done for
both gu id ed and ungu ided modes , bu t emphasis will be on the guided-

-
~ This research was supported entirely by the Joint Services

Electronics Pro gram under  Contract F44 620 — 76-C-008 9 .

14

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_
~_j~— ~~~~~:.:• :~‘~~~: 

k. --- - —-- — -



- -  - - - - ___ 
— - — - -- - - - - - 5 - - - •_ - - --- 

_ _

(I. SOLID STATE ELECTRONi CS)

wave geometry . Results for the guided-wave case wil l  be interpreted using
the theory of guided w3ves in mult i l ayer  waveguides , includi ng recent
contributions to the theory of periodic , st ratified media [4] .

References

1. A . B. Bu ckman , “ Effective Electroopt ic Coefficient in Mult i layer
Dielectric Waveguides: Modulation Enhancement , ” Jou rnal of
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2. A. B . Bu ckman , “Th eory of an Efficient  Electronic Phase-Shifter
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4. P. Yeh , A . Yarlv , and C. Hong , “ Electromagnetic Propagation
in Periodic Stratified Media , I. Genera l Theory , ” Journ al of the
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D. MECHANISM FOR LARGE REFRACTIVE INDEX
CHANGE IN PHOTOLOYZED Pb 12

Professor A . B. Buckman

The very large (— 0.5 )  refractive index change in PbI 2 that
occu rs upon photolysis at 150-180°C , obse rved by us over two years ago ,
has been the subj ect of a variety of experiments designed to determine
the mechanism behind this striking effect .  El l ip sometry allowed us to
attribute the effect to dispersion arising from a broad , photo lysis-induced
band near 580 nm , which shifted to shorter wavelengths as photolysis
proceeded [1] . However , the origi n of this band could not be determined
f rom optIcal data alone.

The experiments used to shed light on the mechanism behind the
large , photolysis-induced re fractive index cha nge were: (1) spectral de-
pendence of photocoriductivity , and (2\ x-ray diffraction on films photo—
lyzed under variou s ambients and passivat ing overlayers . The experimen-
tal details are reported in Ref .  2.

The spectral depend ence of the photoconducti vit Y show s tha t
the photo lys is—induced band arises from electron t ransi t ions  which pro-
duce free carriers . The x-ray dlffractometry traces from fi lms photolyzed

In vacuum , aIr , 02 and CU2 , and while covered with a transparent , pass-
ivating layer , show that the large refractive index change depends on the
following conditions: first, gaseous iodine must leave the film , via the
surface and/or grain boundaries ; second , oxygen or CO2 mus t en ter
from the atmosphere and bond with the Pb left behind , inhibit ing agglom-
era tion of neutra l Pb. Th e defects thu s formed must give rise to the ob-
served absorption band . These results are described in detail in Ref .  2.

We intend to investigate the spatial resolution of this effect
by forming phase holograms In the Pb 12 fil ms. Since the above exper-
iments clearly demonstrate the photochemical origin of the large refra c-
tive index change , and since ampli tude hologram recording In Pb 12 has
already been demonstrated [3] , we expect the resolut ion to be suff ic ient
for phase holography .

t This research was supported entirely by th e Joint Services
Electronics Progra m under Contract F44 62 0-7 6-C-0089 .
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A. DESI GN OF TWO-DIMENSIONA L RECURSIVE
FILTERS BY INTERPOLATION

Professor J. K. Aggarwal and H. Chang

1. INTRODUCTION

Recursive digital filtering of two- and mult i-dimensional  signals
is an importa nt technique in the processing of two- and mult i-dimensiona l
data . However , the design of two- and mul t i -d imensional  recursive fil ters
is d i f f i cu l t  due to the fact that polynomials in two or more variables may
not , In genera l , be factored into lower order poly nomials .  Specifically ,
the stabi l i ty  test procedure for a two-dimensional filter is lengthy and
tedious. Further , if the f i l ter  tur ns out to be unstable , there is no guar-
anteed procedure which may stabil ize the unstab le f i l ter .  These di f f icu l-
ties ca n be partl y circumvented by designi ng two- and mult i -dimensional
systems as one dimensional systems. To do this , we have developed a
technique for rotating the frequency response of a separable fil ter.  In the
present technique , t ransfer  funct ions having ra tional powers of z are
introduced and realized by input/output signa l array interpolations.

2.. MAIN RESULTS

The freque ncy transformation technique is one of the traditional
approaches in deriving desired frequency selective filters from simpl e pro-
totype filters . Extending the notion of frequency transformation to include
rational powers of z1 and z2 , one ca n rotate the frequency response with
ba nd contraction . To begin with , consider the t ransformation

z~. = z 1z2

where ~ and ~ a re integers . The transformation has the following
properties:

t This  research was supported in part by the Joint Services
Electronics Pro gra m under Contract F44620-76-C-00 89 , and In part by
NSF , ENG 74—04986 .
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(1) It may be thought of as a mapping from the uni t  circles of the
(z 1 , z2 ) -do main into the uni t  circles of the (z 1 , zj -domain.

(2) When ~/~~�0 , the t ransformation is causal , otherwise it is
noncausal .

( 3) In the spatial domain it is equivalent to the rotation of recur-
sion direction with a new sample interval .

(4) In the frequency do main the effect of the tr ansfo rmation is a
rotation of the frequency response with a contraction of the
ba ndwidth .

(5) It is clear that the stabil i ty of the resulting filter is not affected
since the transformation can be viewed as a transformation of the
delay unit  which may be specified by both recursion direction
and sampling interval.

Since we allow noninteger delays , the s ignal  values for the trans-
fcrmed filter are not defined at the new grid points , so the t ransform ation
Is not readily applicable to standard rectan gular  a r r ay s .  If one uses a
suitable interpolation function that can reconstruct - ì  cont inuous signal
from a discrete signal , it i s possible to generate an interpola ted array
where signa l va lues are defined on the new grid points . In genera l , there
are many functions available for the interpolation. Specif ica l ly ,  the band-
limited interpolation is employed in our design. The band-limited inter-
polation function usually stretches from -

~~~ to +~~. To obtain an interpo-
lation function with finite terms , we apply windowing to it. With al l  of
these features , it is called th e interpolated filter system which consists
of input interpolator , (z1, z2 )— domain rotat ed f i l ter , and output interpolator.
The overall frequency characteristic of the interpolated fi l ter  system is
deter mined by the frequency characteristics of input /output interpolators
and (z1, z3)—do main rotated filters . Severa l use fu l  filters were actually
designed such as a circularly symmetric low-pass filter , nonsepa rable
band-pass filter , and a ring-shaped band-pass filter to prove the validity
of our design technique. In the design of these filters , we as sum ed th a t
the input signals are given as finite area arrays so that noncausal filters
can be realized through the array reorientatlons . A lso , we employed the
zero-phase response since the linear phase is very important in the image
processing . Actual filter characteristics turned out to be very smooth and
t .~ hav e excellent circular symmetry . A primar y advantage of employing

2 1
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separable filters in the interpolated filter system is that one may perform
two- or mult i -dimensional  manipulat ions by means of a series of one-
dimension al manipulat ions .  Wi th this scheme the same interpolated fil-
ter system may be used iteratively , together with proper array reorienta-
tions , resulting in an appreciable saving in hardware .

Since the theory and design techniques for two-dimensional
• digital filters are largely incomplete , in the next period we will investi-

- gate these problems further unti l  we have fairly genera l theory and design

• techniques for those fi l ters . Then , we hope to general ize the theory and
-

• 
design techniques available for one- and two-dimensional digita l f i l ters
to cover th e time-vary ing digital fil ters .

References - - •

1. H.  Chang and J .  K. Aggarwal , “Design of Two-Dimensional
Recurs ive Filters by Interpolation ,’ IEEE Transactions on Cir-
cults and Systems,  to appear in the June 1977 issue.
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B. NON PARAMETRIC DISCRIMINATION AND ESTIMATION ~
Professor C. S . Penrod , Professor  T . J. Wagner ,

and L. P. Devro ye

In the nonparametric discrimination problem , a statist ician ob-
serves a random vector X t ak ing  values in 1R~ , and wishes  to es t imate
the value of an associated random variable 8 which takes values in
t l , .. . , M 1.  Th e random variable 8 is usual ly  referred to as the state of
the observation X. The statist ician assumes no knowledge of the pro b-
ability distribution of (K , 8) other than what may be inferred from his
data , a sequence (X1 , O~), - . . , (X~ , e~) of independent identically dis-
tributed random vectors with the same distr ibut ion as (X , B ) ,  given by

(a) P~ 8 = j 3 = r r ~ , and (1)

(b) given that e = j ,  X has probab il ity measure

on the Borel sets of 1R~ -

It is also assumed that (X ,~ is independe nt of the data .

A disc rimination rule is s imply  a specif ic  method of choosing
an estimate of 8 from the data and the observed value of X.  If we allow
$ to denote the rule ’ s est imate of 8 , we can def ine  the condit ional  prob-
ability of error for the rule with a given data set by

L~ = P [ë � e (x1, e~ ) , . . .  ,(x~ , a~) i  . (2)

The strong law of large numbers assure s that the relative frequency of
errors will converge to L~ if we use the rule and the given data to esti-
mate the values of 8 for a large number  of independent observations.
Hence , L~ is a measure of the performance of the ru le with a given data
set.

i~ This research was supported in part by the Joint Services
Electronics Program under Contract F44620—76--C-0089 and in part by the
Air Force Office of Scientific Research Grant 72-2371.
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The nonparametric es t imat ion  problem is qui te  s imi la r  to the
discrimination problem in its formulation. The principle difference is
that 8 (which is now called the parameter associated with  X) is allowed
to take values in 1R~ rather than [1 , . . .  , M 3 ,  and we now assume that
(K , 8) is a random vector with joint  d i s t r ibu t ion  F(x , 8 ) .  We also assume
that a loss function L is given , defined on 1R~ x so that L( e ,e )

• is the loss incurred when 8 is the rule ’ s es t imate  of e. We now def ine
the conditional expected loss of a rule with a given data set as

L~ = E { L ( e , e ) (x1, e 1) , . . .  , (X ~ , e~ ) }  . (3)

As in the discr iminat ion problem , L~ measures the performance of the
rule with a given data set since it is the average loss which will be in-
curred if the values of 8 are est imated for a large number  of independent
observations .

In both the discr iminat ion and est imation problems , if the under-
lying distr ibution of (K , 8) is known , it is usua l ly  possible to construct
an optimal estimate $*(X) of 8 ( e . g . ,  in the es t imat ion problem one may
have to be satisfied with an e-opt imal  estimate). Such an estimate does
not depend on the data and is opt imal  in the sense that  its probabili ty of
error or expected loss is less than or equal to that of any other rule. The
optimal rules are known as Bayes rules , and thei r expected loss (or prob-
ability of error) is denoted R* , R* then provides a standard of excellence
aga inst which we can compare the performance of all nonparametric rules.

One of the basic approaches to the nonparametr ic  d i sc r imina t ion
problem is suggested by the manner  in which an optimal  Bayes ru le is con-
structed . Let

p~(X)= P C e = j IX )  , l � j�M.

Then it is ea sily shown that a Bayes optimal rule results if , give n X , we
choose 8*(X) = j if

p~ (K) � p 1 (X) for all i � j .
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(Ties can be broken by employing some appropriate form of randomizat ion . )
Of course , in our nonparametric case , the funct ions  p ,~ (x) are unknown
since they depend on the dist r ibut ion (1) . For example , if the measures

are absolutely continuous with respect to Lebesgue measure , then
there are probability densi ty functions f 3 ,  1 � j � M corresponding to
the ~ . These densities can be used to define versions of pj (x) by

f~ (x )/ f(x) , if f(x) > 0
• Pj (X) = 

~0 , if f(x) = 0 ,

- 
-. where f(x) =Eij f 1 (x) . This suggests that  the nonpa rametr ic  problem could

• be approached by using the data to estimate the density functions , and then
using the density estimates in place of the true densit ies in the manner
described in (4) . Such rules are known as “two step ” rules .  In Devroye
and Wagner [1] the results of an extensive study of densi ty est imation and
two step rules are presented . Conditions are shown for which consis tent
density estimates yield rules for which L~ — R* in probabil i ty or wi th
probability one. In addition , a detailed study is made of the Parzen-Ros-
enblatt [2 , 3] and Loftsgaarden-Quesenberry 14] dens i ty  es t imates , ex-
tending many of the previously known resu l t s .

Another approach to the nonpa rametric d i sc r iminat ion  problem
is the famil iar  nearest neighbor rule . This rule s imply  chooses 0
if K1 is the closest observation to X fro m the data . Various gen erali-
zations include the k nearest neighbo r rule where 9 is chosen to be
the state which occurs most f requent ly  among the k nearest  neighbors
to X. Among the well-known properties of nearest neighbor rule s is the
fact that if k Is allowed to depend on n in such a way that  k ~-‘ ~~ and
k/n ~ 0 , then it is possible to have L~ 

-. ~~* (Fix and Hodges 15]) . In
( 1) thIs result is extended to a more general class of nearest neighbor
rules which weight the influence of the closer observations more heavi ly .

Nea rest neighbor rules have also been used as solutions to the
nonparametric estimation problem (Cover [6J) . The k nearest neighbor
rule ’ s estimate of 8 is obtained by averaging the parameters  associated
with the k closest observations to X fro m the data . Cover shows con-
ditions for which

EL~ -‘(1 ÷ l/k)R*
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(II. INFORMATION SYSTEMS)

for k nearest neighbor rules with squared-error loss functions. In Penrod
and Wagner [7] , these results are extended to show that

L~ -. (1 + l/k)R* in probability .

The significance of this result is that it concerns the convergence of L1
for a single long data sequence as opposed to the convergence of the aver-
age value of L~ averaged over a large number of long data sequences .
In addition , conditions are given for which L~ _ R* jn probability for k
nearest neighbor rules which have k ~ ~ and k/n ~ 0.

The results mentioned thus far have all been asymptotic results
concerning the performance of various rules with large data sets . For
obvious reasons , however , the designer of a nonparametric discrimination
or estimation rule is always Interested in knowing the value of L~ for
this rule with the data available to him . But , due to the fact that it
cannot be computed without knowledge of the underlying probability dis-
tribution of (X , e ) ,  which is not available , he must be content with an
estimate of the true value of L~. In (1) the properties of three different
estimates of L~ for discrimination rules are studied . These estimates
are known in the literature (see Toussaint [8]) as the deleted estimate ,
the holdout estimate , and the resubstitution estimate. For linear discrim-
ination rules , local rules , and two step rules, conditions are shown for
which P(~ L~ - L~ ~~e1, where L~ is one of the above estimate s of L~,
can be bounded independently of the distribution of (K , 8 ) .  These results
allow the designer of a rule to construct confidence intervals for the per-
formance of his rule . These results are extended to nonparametric esti-
mation rules in [7] . The report [7] also contains the results of an exten-
sive simulation study of the performance of deleted and holdout estimates
of L~ with nearest neighbor discrimination and estimation rules.
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C. A COMPUT E R ARCH ITE CTURE FOR BY TE STRING
AND VECTOR OPERATIONS t

Professor T. A . Welch and H . L. Tredennic k

1. INTRODUCTIO N

This report presents the findings of a computer design exper-
iment carried out at The Un ive r s i ty  of Texa s at A u s t i n .  A compu ter arch-
itecture for variable word length processing is proposed to support high-

level la nguages. The proposed architecture uses byte iterative processing
and special ized hardware . The specialized hardware , shown in Fig . 1,
consist s of a byte serial ALU and a separate address generator and mem-
ory buffer  for each operand byte stream.

Variable word length processing has been investiga ted to de-
termine which subtasks are d i f f i cu l t  and which are easy and to determine
the feasibi l i ty  of variable word lenth processing . Additio na l ly ,  require -
ments and implementat ion strategies for the ALU , opera nd address gener-
ation , a nd memory bu ffering have been analyzed .

Use is made of cheaper and more complex logic and memory
componenets to effect  a more complex design for s imple r  programmin g.
The processor is designed to manipulate  more complex operands ra ther
tha n provide more complex operations. The processor is designed for
processing operands which might be unequal length elements , arrays ,
or arbitrary data structures. Design centers on processing for character
strings and variable-length ar i thmetic , but scienti f ic  proc essing is not
ignored .

2 . VARIABLE FIELD LENGTH PROCESSING

The following problems are associated with variable field
length processing:

(1) It is impractica l to store either complete var iable - length
operands or partial results in registers .

tThis research was supported in part by the Joint Services
Electronics Progra m under Contract F446 20-76 -C-O089 , and NSF Grant

G J —42 514.
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(2 ’~ \Jar iable- length remove and replace are d i f f i c u l t  in a fixed
word length memory with  random operand p lacement .

(3) Operand al ignme nt may be required for une qual  length
operands.

(4) Simultaneous operand fetching Is desirable in an iterative
solution which uses mult iple operand s treams.

(5) Sign and exponent placement are s ign i f i can t  problems due
to the serial scan na ture of processing .

( 6) Optiona l scan direction is desirable .

(7) Sign , zero , or blank extension is desirable for processing
u nequal length operands.

3. VAR IABLE LENGTH ARITHMETIC

Iterative processing is preferred over length l imitat ion because
limiting operand lengths to the maximum register or accumula tor  length
was felt to be too restrictive. Byte serial processing was selected over
bit and nibble processing because the narrower data paths for bit  and
nibble transfers slow processing . Data lengths greater than a byte rein-
t roduce many problems (such as shif t ing , ma sking , and a l ig nment ) and
A LU costs increase rapidly wi th  width .

The two via ble choices for number representation and scan
direction are: (1) a right-to-left scan with a two’ s complement number
representation or, (2) a left- to-right  scan with a sign and magnitude
number representation . The two s complement representation and r ight-
to -left scan were chosen because of greater ease and eff iciency of the
addition scan.

Character and integer instruction implementations are simple
and multiply and divide instruction implementations are difficult. The

character instructions , such as move , compare , sh i f t , and Boolean ,
and the integer instructions , such as add , subtract , move , compare , and
replace all require only a simple single pass scan. The mul t i p ly  and

- 
~~~ di vide instructions require multiple scans and complex scanning sequences.
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4. ALU IMPLEMENT ATION

Implementat ion of a byte seria l ALU capable of supporting the
basic character and integer operations w-3uld require about 52 IC’s. The
incremental increase in ALU hardware required to support  f loat ing-point
operations is about 50%. An increase of about 50% over hardware for the
basic ALU will support mul t ip ly  operations.  Addit iona l hardware to sup-
port the divide instruction is about an 80% increase over hardware to
support the mul t ip ly .  A complete implementa t ion  requires about 160 IC’ s.

Time to perform a 32-bit byte serial add is about 480 ~sec corn-
pared to about 160 ~ ec for a 32-bit parallel add . Performance of the add
in a byte serial manner represents about a 20% degradation in the tota l
instruction execution t ime.  Execution of a 32-bit mul t ip l y  in byte serial
fashion requires about a sixteenth of the hardware for a parallel mult i ply
and is abou t sixteen times slower. A byte serial mul t ip l i e r  is about equal
in speed and cost to a bit seria l implementation . A byte serial divide

implementation is about the same cost as a fixed length divide , but is

about half as fast.

5. OPERAND ADDRES SING

All of the problems associated with variable-length processing
affect  the design of the operand address genera tors . A three add ress
Instruction format of the form A op B — C was selected for the pro-
cessor design and a separa te address genera tor was provided for each
operand stream.

The operand address generator provides the following element
addressing features:

(1) Optional element scan direction

• (2) Termina te on short element (Truncation)

(3) Repeat short element

(4) Extension of leading/trailing byte/zeroes

(5) Element alignment

30
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The operand address generator provides the following vector
addressing features:

(1) Skip internal fields

( 2) Vector chaining

( 3) Repeat vector

(4) Repeat last element

(5’ Termi nate on short vector

( 6) Optional vector scan direction

Th e Operand Address Generators can provide byte addressing
for variable word length operands , add ressing for s imultaneous byte
streams , operand alignment , and opera nd extension. In addition , the
address generators can provide complex addressing sequences required
to implement complicated iterative processes , and support array operands
with inters persed data or concatenated f ields.  Implementa t ion  of the
add ress generators to support these operands and operations require s
complex contro l , m any data paths , a nd much interprocess communication.
Each Operand Address Generator requires about 90 IC ’ s for implemen ta tion
(using a mix of standard and Schottky TTL’ .

6. VARIABLE FIELD LE NGTH BUFFERING

Problems confronted in design of the memory buffe r Include the
lack of variable-length registers , accessing of variable-length operands ,
operand alignment , and provision of simultaneous data streams.

The following observations can be made a bout the requirements
for implementing the buffer: (1) It must be fast  enough to compensate for
the lack of variable-length registers; (2) it must  be larg e enough to hold
severa l operands of typical size; (3) automatic buffer  allocation is re-
quir ed because allocation is too di f f icul t  and dynamic for the pro grammer
to manage; (4) dynamic byte sequence control is desira ble for efficiency;
(5) the ALU requires a byte interface and the memory , a word or block
interface; (6) there should be a short initiation latency (time from termi-
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nation of one process to the be ginning of the next should be short) ; and
(7’) mult iple  access paths are necessary for e f f i c i e n t  processing using
si multaneous data streams in an iterative process.

Four schemes were considered for implementat ion:  a single
word buffer , a single cache buffer , a separate queued bu f fe r  for each
ope rand stream , and a separate cache buf fer for each operand stream.

Single Word Buffer .  The single word b u f f e r  has the advantages
of s implici ty , limited data currency problems , and short s t a r t-up  t ime.
It has the disadvantages of being slow , not allowing block transfers , and
holding only a single word of previous results ( for retrieva l) .

Single Cache. The single cache buf fe r  has the advantages of
allowing main memory block transfers , providi ng som e register-l ike cap-
abilitie s , being faster than the one word buffer , and saving main  memory
cycles. The single cache suf fe r s  from access priori ty selection problems
and requires sequential access. Conventional cache design improvements
are of minimal  avail because they are designed to reduce access conflicts
f or space . In an iterative processor employing s imul taneous  data streams ,
access conflicts in time are much more important than conflicts for space

due to the parallel nature of the data streams.

Queued Buffer .  Separate queues for each operand stream provide
simultaneous operand streams , s impl i fy  buffer al location , and can be f a s t
enough to support a byte seria l ALU . The queued buf fe r ing  scheme has
ma ny disadvantages: there may be mult iple  copies of data , queue searches
are di f f icul t , queue control is complex , the queues require mu ch data and
address storage , queu es are inf lexible , and ini t ia l izat ion and emptying
are slow processes.

Separate Cache Buffers.  The separate cache buffer in g scheme ,
shown in Fig . 2 , provides the following advantages: v i r tual  variable-
length registers , hardware controlled allocation , byte addressing for the
ALU byte streams and block addressing for main memory , and sim ultaneou s
data paths for the separate data s t reams.  It has the disadvantages that
th ere may be multiple copie s of the data , many address paths and com-
parisons are required , complex control functions are required , and per-
verse address sequences exist which defeat the allocation scheme
(di rect mapping) .
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7. CONCLUSIONS

The proposed architecture has been evaluated and shows that
byte serial iterative processing of variable-length operand s is feasible .

Variable word length operations are s ignificantly faster  on the proposed
machine than on any fixed word length machine in its class(minicomPu terS) .

- 

- Fixed word length operations are faster than their software counterparts
on a fi xed length machine , about as fast  a s a micropro grammed implemen-
tation , and slower than specialized hardware .

-

• Th e MSI and LSI technologies allow sophisticated ALU design.
The byte serial ALU is not the processing bottleneck .

Operand byte access is the l imiting factor.  Stores are slower
than reads and multiple store s may be required .

33

4~. 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-‘.- - - ‘  

- 
. . -

5 - —-  
- .. —-- ~~

— - - ... •~~~~~~~~~~ 1— ‘~~ - ‘ - - - ~~‘-  
- 

- , ‘4 .
-— — 5- — ----5- —-  —5----—- ~~~~ --- - ,- -- - -



_ _  —-- ——--- — - -  - - - -- - --— - - - - -— - —--- - - -

(II . INFORMATION SYSTEMS)

References

1. T . A . Welch and H . L . Tredennick , “An Operand Add ress
Generator for a Variable Word Length Processor , ” 1976 IEEE
Region V Conference Digest, April 14—16 , 1976 , pp. 247—252 .

2. T . A . Welch , “A Comput er Architecture for Support of High-
Level Languages ,” 1976 IEEE Region V Conference Digest ,
April 14—16 , 1976 , pp. 2 5 3 — 2 5 6 .

3. C. I. Hackert , “The Design of an Ari thmetic  Unit  for Byte
— String and Vector Operations , ” M .S .  Thesis , U niversi ty  of

Texas at Austin , August , 1976.

4. H. L. Tredennick , “Hardware Description of a Variable-Length
Processor , ” Electronics Research Center Technical Memor andum
No. 42 , The Universi ty  of Texas at Aus t in , to be published .

5. H. L. Tredennick , ‘Implementation of Variable -L ength Arithmetic , ”
Ph .D .  Dissertation , The University of Texas at Austin , December
1976.

6. T . A . Welch and H. L . Tredennick , “High-Speed Buffe r ing  for
Variable-Length Operands ,” Conference Proceedings of The 4th
Annual Symposium on Computer Architectu~~~ Silver Spring ,
Maryland , Ma rch 2 3 — 2 5 , 1977 , pp. 205—2 10.

34

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~ 
-- ______- -



r 

-- - —- - ----—- 

•T ..T ~~~~~~~~~ 
- -  - -

~~~~~~~~

(II. INFORMATION SYSTEMS)

VECTOR DESCRiPTIONS

CONTRO L

OPERA ND [ OAG OAG 1 OAG I IThIIT
ADDRESS 

I A I B C
GEN -:RATORS L _L~.. ____- — fl .. . - J
BYTE

— ADDRESS
STREAN S

A B C

BUFFER
MEMORY

A B C
— —-  7— 16-BYTE BLOCK

TR~NS F ERS
BYTE
STREAMS

ARITHMETIC ALU
UNIT 

I ] 
MAIN

MEMORY

Figure 1. Variable Length Data Processors .
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Figure 2 . Separate Ca che Memory Scheme .
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A. SIMULATION AND RELIABILITY OF FUNCTIONAL DEVICES~
Professor S. A. Szygenda , Professor E. W. Thompson , and A. K. Bose

Simulation of logic nets has been used extensively for the veri-
fication of logic design and to stud y the reliability of logic systems . The
level of si mulation however , has been restricted to simple Boolean gates
and flip— flops . Thi s restri ction has not posed any severe problems to
users In the past , since the size of nets being used has been small and
the devices simple . With the current tre nd toward s design of larg e
systems with the use of complex devices , logic simulation has become
inadeq uate . Simulation at a functional level provides a possible solu-
tion to this problem.

This report discusses several aspects of this trend . Major
proble ms that remain unsolved in the area of functional level simulation
are discussed and solutions offered for some of them. Two maj or func-
tional devices a re examined and ways to improve their reliability are
suggested .

The lack of understanding that exists for functional devices
indicates that functional level simulation has to evolve from gate level
simulation . Moreover , since the functional description of a system is
not adequate to perform an in—depth analysis , such as prediction of ha z-
ards and races , an Interchangeable functional and gate level description
of systems is suggested [1] . Such a capability would provide for efficient
macroscopic simulation by using the functional description , or accurate
timing and fail ure analy sis by using the gate level descript ion.

Under certain situations , it may be possible to simulate a func-
tional device as accurately as a gate . This can be realized by using a
data structure of the type shown in Table 1 to represent multivalued sig-
nals at the inpu t of a system [2] .

~This research was supported in part by the Joint Services
Electronics Program under Contract F44620-76- C— 00 89 , and in part by
Naval Surface Weapons Center N60 9—76— C—A1 68.
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Table 1. Signal Representation.

Current Future
Symbol Signal Description Value Value

1 Logical 1 1 1

0 Logical O 0 0

U Upward Transition 0 1

D Downward Transition 1 0

E Unknown Signal ~0

Using this data stru cture and the known value s of the Input
signals, the following binary vectors may be defined :

(1) The current input vector:

-,x <x , x , . . . x  >
c lc 2c nc

where X~ is the current value of the input signal x . .

(2) The future input vector:

= <X 1F I x2F, ... X F>

where XiF is the future value of the input signal x . .

(3) Intermediate Input vectors:
~~~~~

= 
~<x lk~ X2k~ 

x k > I x .k €[ x i C , x lF 3~

where the vectors are generated by taking all possible
different combinations of current values and future values
of the inputs.
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These binary vectors can be used to evaluate a binary descrip-
tion of the functional device , and the outputs obtained fro m the curre nt
and future input vectors 

~~ 
and ~~) can be combined using Table 1 to

yield a multivalued output . The outputs obtained from the intermediate
inputs (y1) can be used to predict hazards by executing 

the following
steps:

Step 1: Using the intermediate input vectors , generate inter-
mediate outputs . y

11 
=

Step 2 : If = 

~F a nd y1~ ~ y = 

~F ’ then a static hazard exists .

Step 3: If y~ ~ ~F ’ 
then if all y1~ are identical , 

no dynamic

hazard exists . If y1~ ~ for any j and k , then a

dynamic hazard is present.

The analy sis of faulty behavior of functional devices , especially
those of a sequential nature, poses severe problems. A single fault in
a serial shift register, a functional device that has wide appl ications
in computer systems, has a global corrupting influence on the data prop-
agating through it. The correction of errors introduced in the data is
Impossible , but the detection of errors can be realized through a nominal

a mount of redundancy [3] .

An analy sis of various shift register configurations shows that
the effect of a single fault is always restricted to a single type of data

bit (0 or 1). This result Indicates that errors in a shift register can be

detected by counting the number of ones entering the shift register and
comparing this with the number of ones coming out of it. A hardware
scheme to do this can be realized by using an up/down counter. Since

a counter requires around log2 N fl ip—flops to count up to N , while a
N bit shift register requires N flip—flops, the redundancy involved is of

the order of log2N.

A computer input/output controller is a functional unit whose
complexity is very high (300-400 gates) . Since these controllers are
used to interface with electromechanical input/output devices, their

failure could be catastrophic. To prevent such a situation, these units

are often duplicated . A detailed analysi s of its orga nization reveals

41
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that it can be made highly reliable by introducing only 30% additional
hardware [4] .

These results indicate that great cost savings can result from
a close analysis of functional devices. The often-used approach of
dup licating systems is uneconomic and unnecessary . The only feasible
way to do the analysis  is by simulating the system. As simulation Is an
expensive process and is required at various levels of the design phase ,
the capability to simulate at a functional level is essential.

• Since functional level simulation is a fairly new concept , the
current state of the art is far from satisfactory . There are problems
associated with the description of functional devices , simu lation proce-
dure s , simulation accuracy and fault handling strategie s that need to be
solved before functional level simulation is meaningful ly realized .
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B. DEVELOPMENT OF METHODOLOGIES AND MODELS FOR THE DESIGN OF
DIGITAL SIMULATION SYSTEMS WITH VERY HIGH PERFORMANCE -f

Professor S. A. Szyg enda a tti Yu-Huei Jea

1. INTRODUCTIO N -

Digital simulation is a mandatory tool in most of today’s design
automation systems. An ideal simulator should satisfy three maj or
criteria , namely, accuracy, cost—effectiveness , and ease of use [1].
This report outlines the methodologies and models developed to fit these
requirements . Detailed descriptions can be found in [21 .

2. BOOLEAN VECTOR E-ALGEBRAS

Due to the advances of technology, there is an increasing Inter-
est In multivalued logic systems where more than two logical values are
used . For example , the following topics which are importa nt in the com-
puter area , are related to multivalued logic: multivalued logic circuits ,
digital simulation, test generation, multibus digital circuits, etc.

In the application of multivalued logic, each logic value could
be represented by a Boolean vector , i .e . ,  a vector with binary compo-
nents (0 or 1). Therefore it is quite important to have a thorough under-
sta nding of properties embedded in the algebraic structure s , using Boolean
vectors as basi c opera nds. Here we briefl y Introduce a new mode of
complement and a new type of algebra .

A P mode complement is a permutation which is not an identity
mapping . Only when a permutation is equal to the product of disjoint
transpositions can a P mode complement have the order of 2.

An B—algebra [s ,1,+ , ’I is a set S with two binary operations
and + and one unary operation ‘ such that for all x ,y, z € S we

have

El.  x •x x x+x x (Idempotent)

E2. x .y y~x x+y=y+x (Commutative)
t This research was supported in part by the Joint Services

Electronics Program under Contract F44620—76— C—0089, and in part by
the Naval Surface Weapons Laboratory N 6092 1-76- C-Al68.
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E3. x . (y .z)=(x .y) .z  x+ (y+z)=(x+ y)+z (Associative)

E4. There exists 0,1 € S such that

x~ 0=0 x+0=x

x•1=x x+l=l (Universal Bounds)

ES. For every x e 5, there exists a unique x ’ € S such that

x ’ ‘=x (Involution)

E6. (x.y)’=x ’+y’

(x+ y) ’ x ’ .y ’ (de Morgan)

A Boolean vector E—algebra Is an E—algebra ~S, . , + , ’1 where S
is a Boolean vector set , . and + are two Boolean vector binary opera—

I 
- - tions , and ‘ is a Boolean vector unary operation .

One application of Boolean vector E-algebre s has been suggested
in the digita l simulation area . It provides one way to define the informa-
tion representation for signal models in a parallel simulation environment .

3. VARIOUS APPROACHES TO REPRESENTING SIGNAL MODELS AND
RELATED LOGICAL OPERATIONS

In the design of a digital simulator, one of the first decisions
to be made Is to determine how many signal states we want to propagate.
Then we must decide the Information representation of these signal values.
Also the implementation of related logical operations has to be settled .
Usually the good representation of operations depend s on the proper
representation of operands, and vice versa .

Four maj or appr oaches can be used in various s ituations:

(1) Table look-up method

(2) Switching theory approach

(3) Relational approach

(4) Boolean vector E-algebra approach
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Although global optimization of information representation
might be quite difficult or even impossible , near optimal representations
can be achieved through the optima l implementation of those types of
elements which occur most frequently,  In most digital networks.

4. GATE MODELING AND TIMING ANA LYSI S ALGORITHM

Gate s are the basic elements of digital circuit s. They may hav e
severa l inputs but only one output . Two operations are normally per-
formed by them:

(1) V—operation (or value operation)

(2) D-operation (or delay operation)

The V—operation of any gate is usually deterministic in nature and
clearl y defined by the corresponding operation table . The complexity
of the D-operatlon, however , depends on the delay model adopted . It
can be as simple as an Identity mapping in a zero delay model , or as
complicated as a composition of the following four mapp ings in a precise
dela y model: P—mapp ing , S— ma pp ing, A- mapping , and T-algor ithm .

T— .algorithm (timing analysis algorithm) is not simple in the
three—valued model [3 ,41 and even more complicated in the five- valued
model . In this research , we not only find a five-valued T-algorithm ,
but also prove its accuracy and functional completeness.

There are four types of delay parameters used in the precise
dela y model: d~ (mm . rise delay) , dM R 

(max. rise delay) , dmF (m m .
fall delay) , a nd dMF (max . fall delay) . Their usage in our model , which
is different from [5] , can be summarized as follows:

Add dmR when the input signal changes to U.

Add dMR when the Input signal changes to 1.

• Add dm F when the input signal changes to D.

Add dM F when the input signal changes to 0.

Add mm (d m ~~
s d~~) when the input signal changes to E.
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5. HIGH- LEVEL INPUT LANGUAGES FOR DIGITA L NETWORKS

A system which is difficult to use usually find s little use. This
statement gives rise to the important question of how to represent the
digi tal network such that the user can easily transcribe it into a ready—
for— input format.

Postfix notation , also known as Polish notation , Is a very con-
venient method of incorporating both the simplicity of a functional descrip-
tion and the preciseness of a structured description. For example ,

A B C 3 + D E F 4

denotes a circuit with an OR gate of three inputs: A , B , and C , and a n
AND gate of four inputs: one is the output of the above OR gate , and
the others are D , E , and F.

Some modifications can be made so that we can represent non—
tree type circuits , such as circuits with feedback , reconvergent fanout ,
etc . Also functional elements can be easily represented in the modified
postfix notation.

In order to accomplish further Improvements over the coding
efficiency, some element type hiding technique s can be used . Thus we
include a declaration paragraph before the postfix expression . For
Instance , the above example can be rewritte n to be

BEGINDECLARE 3+ : Gl; 4. : G2 ;ENDDECL ARE

A B C ÷ G 1 D E F 4 ~G2

6. CONCLUSION

The model s and methodologies given above present a practical
approach to the design of a digita l simulation system which Is cost-

- 
- effective , accurate , and eas y—to—use. The effort is directed at both

gate—level and functional simulation. The implementation problem has
also been considered . These have definitely pushed the state of the
art in the technology of digital simulation.
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C. COMPUTER SOFTWARE SYSTE M RESEARCH IN
THE AREA OF MODULE IN TERFACE t

Professor Ed Thompson and Au Mohseni

The overall obj ective of this research is to reduce the high costs
of software systems , which is the major  cost of practically any compu ter

-- 
-
. application today. In order to achieve this , two approaches hav e been

selected .

The first  approach in this research is the development of pro -
— cedures and languages for the formal specification and verification of the

data interfaces between progra m modules. The research on data interfaces
between program modules is based upon the development of a da ta interface
specification language and its Implementat ion .

The second approach is focussed on modular  programming in
COBOL. The type of the module and the way of passing parameters has
some effect  on costs associated with execution time and storage spaces.
For a particular problem , good questions to be answered are: “What type
of module?” and “How -are parameters passed?”

A preli minary module interface specification language , MI S-i ,
has been designed , and a precompliler named BRIDGES , which supports
the application of MIS-i , has been implemented and debugged . A MI S-l/
BRIDGES users manual  has been writ ten , and experience in using MIS-I
and BRIDGES has been gained in a variety of contexts . An evaluation of
that experience has been completed . Four genera l observations can be
made:

( 1) MIS-i allows powerfu l validation algorit hms to be executed
by BRIDGES , but make s more d i f f icu l t  the application of the
technique of data hiding .

( 2) The reaction of programmers to using MIS-i is to partition a
program into fewer modules and to use single modules to
implement data abstractions.

t This research was supported entirely by the Joint Services
Electronics Progra m under Contract F4462 0 -76 -C—0089 .
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( 3) BRIDGES spends most of its time doing I/O and scanning
Fortran statements rather than performing its validation rou-
ti nes .

(4) The validation algori thm in BRiDGES is heuristic rather than
rigorous.

Based on observations 1 and 2 above , a new specification language , MIS-
2 , has been designed to be more concise and to incorporate data hidin g.

— Observation 3 implies BRIDGES could be integrated into a compiler with
minimum overhead , and optimization algorithms could be used , i .e . ,
incorporate compu ter flow analysis  algorithms as part of its val idat ion
technique.

In the area of modular pro gramming in COBOL , a series of smal l
programs were designed in COBOL to answer the following questions:

( 1) E ff ect of type on pa ramete r cost s

(2) Parameter costs vs. the number of parameters

( 3) Implementation costs of a modu le

(4) Data re ference costs

( 5) Method of parameter passing

( 6) Segmentation and its l imits

The results fro m their compilation and execution on four differ-
en t com pute rs , the Xerox SIGMA-5 , the CDC-6600 , the DEC PDP- lO , and
the IBM 360 are being analyzed .

From these experiments , we will  obtain some information which
will give us a bett er understandin g of the trade-offs involved In using sec-
tions , as opposed to subprograms , so that intell igent choices can be made
for system implementation . Also , thi s information will  be usefu l in makin g
recommendations for the implementation of future COBOL compilers .
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( 3) BRIDGES spends most of its t ime doing I/o and scanning
Fortran statements rather than p erformin g its validation rou-
ti nes.

(4) The validation algorithm in BRIDGES is heur is t ic  ra ther than
rigorous.

Based on observations 1 and 2 above , a new specification language , MIS —
2 , has been designed to be more concise and to incorporate data hiding .

— - Observation 3 implies BRIDGES could be integrated into a compiler with
minimum overhead , and optimization algorithms cou ld be used , i . e . ,
incorporate compliler flow analysis  algorithms as pa rt of its validation
technique.

In the area of modular programming In COBOL , a serie s of small
programs were designed in COBOL to answer the following questions:

( 1) Effect  of type on parameter costs

( 2) Parameter costs vs. the number of parameters

( 3) Implementation costs of a module

(4) Data reference costs

(5) Method of parameter passing

(6) Segmentation and its l imits

The results f rom their compilation and execution on four differ-
ent computers , the Xerox ~:‘ MA-5 , the CDC -6600 , the DEC PDP- 10 , and
the TB~~ 360 are being ana 1y~ ed.

From the se experiments , we wil l  obtain some information which
will  give us a better understandin g of the trade-offs involved in using sec-
tions , as opposed to subprograms , so that intell igent choices can be made
for system implementation . Also , this information wi l l  be usefu l in making
recommendations for the implementat ion of future COBOL compilers .
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